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Description 

Title of the Invention 

TITLE 

TRANSFORMED MICROORGANISM AND PROC2SS FOR PRODUCING 
D - AMINO AC YLAS E 

CROSS-REFERENCE TO REIiATED APPLICATIONS 
This application is a national -stage filing under- 35U.S.C. 
§371 of PCT/JP00/03932 .filed JunelS, 2000. This application 
claims piriority under 35 U.S,C. §119 to JAPAN 11/17Q55, filed 
June 17, 1999. 

REFERENCE TO SEQUENCE LISTING 
Thi s application contains a sequence listing of nucleic 
a cid and amino acid sequences , 

T echnical Field 

BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a transformed 
microorganism prepared by inserting into a zinc-tolerant 
microorganism a D-aminoacylase-producing gene which 
selectively produces D-aminoacylase alone between 
D-aminoacylase and L-aminoacylase, and a process for producing 
D-aminoacylase by utilizing the transformed microorganism. 
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Background Art- 

Description of the Related Art 

D- amino acy la se is an industrially useful enzyme 
industrially - usof ul for the production of D-amino acids of high 
optical purity, which are needed for-^ooo in side chains o - f - 
used for the side chains of antibiotics, peptide drugs and the 
like. 

Chemical and Pharmaceutical Dullctinn Bulletin 26, 2698 
(1978) discloses Pseudomonas sp. AAA6029 strain as a 
microorganism simultaneously producing both D-aminoacylase 
and L-aminoacylase . 

•Japanese Patent Application Laid-open No. Sho-53 -59092 
discloses actinomycetes, such as Streptomyces olibaceus S»624 5 . • ; 
The use of these microorganisms results in the simultaneous- ^ 



D-aminoacylase and L-aminoacylas e 7 apart from the potency to 
produce D aminoaoylaao . While these organisms are capable of 
producing D-aminoacylase, it is necessary to. separate this 
e nzyme from its optical isomer, L-aminoacylase > Thus , 
laborious and costly procedures are disadvantageously required 
for the separation of the two. 

Altern at ively, for cxamp^ r Japanese Patent Application 
Laid-open ISJo. Hei-l-5488 discloses Alcaligenes denitrif icans 
subsp ♦ gey 1 o s oxy dan s Ml -4 strain as a microorganism that 
selectively producing produces D-aminoacylase alone . In oao e . 



production of both £4*e optical isomers of aminoacylas e ,. 
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that If this bacterial strain is utilized, no laborious work 
is required for the separation of D-aminoacylase from 
L-aminoacylase. However, the potency capacity of ^he this 
bacterial strain to produce D-aminoacylase is insufficient. 
Furthermore, the nucleotide sequence of the 

D-aminoacylase -producing gene is not elucidated in Japanese 
Patent Application Laid-open No. Hei-1-5488. Thus, this 
document does not describe how to modify the D-aminoacylase 
ae — modification of — fehe gene so as to improve fe&e its 
D-amir-oacylase-producing potcnoy capacity or «e > describe the 
creation of a transformed bacterium with a high - productivity 
;Vx>^- Vysa-e recompliahcd an ability to produce higher amounts off • "*5>> 
• :; " r.;; ; r. : ylase - - 

BRIEF SUMMARY OF THE INVENTION 
•;w. acr auch oircmmgtancco , the In view of the above, the ; 
pres'ses?^: inventors Moriguchi, et al . elucidated the structure' 
•o£- tli£ D-aminoacylase-producing gene in the Alcaligenes 
^/lcff:>^yy; dans subsp, xylosoxydans A- 6 strain and demonstrated - . 
i*r.£? nucleotide sequence , which appears as e# SEQ ID NO: 1 in- 
cSv ^gurince listing. Further, a certain it was found that - 
cj^etio modification of the D-aminoacylase -producing gene 
^V:^v;ft^'i!ully improved the D-aminoacylase -producing potency - ; ~ 
q^cj.ty of the resulting transformed bacterium (Protein'"—.- 
^^v.re^i.on and Purification 7, 395-399 (1996)). ""x.:<*- 
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Brief Description of the Drawings 
Fig, 1 schematically depicts the plasmid used for ligation 

with the D-aminoacylase-producing gene. 

Fig. 2 schematically depicts the plasmid ligated with 

the D-aminoacylase -producing gene. 

S i 3 closure of the Invention 

DETAILED DESCRIPTION OF THE INVENTION 
The inventors 1 subsequent research works have elucidated 
that the D- ami noacyl as e -producing potencies ' capacities of 
va^rivv. ■? transformed bacteria with the aforementioned - - 
I> ^m^Otficylcise-producing gene inserted therein are greatly;- ^^ 2 '' ,;oa '" ' 
;\*\£-r: vv>d in zinc: ion-containing culture media. It has also-^&£^ : • 
:y--. . ' a ;d -chat the D-amihoacylase producing ^e ^ - e^e - i - oo capaci t^-rf^LOvir: ■ 

q:. ix^s for rried bacterium is prominently improved by ^—J: 

^fei#^:tling the zinc ion concentration within a predetermined"-- : — ^ ? 
1rg^^^"4:^pa3=^^H*i^^. :: & ' 

/^rthermore , it has been found that the above-mentioned i. ■« 

$;t : varies- significantly depending on the type of a host- ' ' "-v 

,:. - 

/gs&tf easily exttrta zinc tolerance even prior to the t r ana forma t i on- - " 
thftxt&ofij Herein,, the term J^zinc tolerance/ means that 'the - v 
^c^th potency of a bacterium as measured on the basis of the- 
c?all weight (A660 xim) is hardly inhibited by the addition of 
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zinc ion. 

The findings mentioned above indicate the following two 
points: followingo (1) and (3) ■ (1) The expression of a 
transformed microorganism with a D-aminoacylase -producing 
gene of SEQ. ID NO : 1 in the sequence lioting is enhanced in 
the presence of a given quantity of zinc ion, though the reason 
has not been elucidated. (2) Since it is believed that zinc 
ion functions in an inhibiting manner on common microorganisms , 
a congenitally zinc tolerant microorganism should be selected 
as a host to insert the gene therein so as to sufficiently procure 
the effect of zinc ion. 

Based on the above-mentioned points, the invention 
provider ; a microorganism transformed with a 
D-aminoac^lase-producing gene, the D-aminoacylase-producing ^ r 
g>e4^HF*e^ •: capacity of v>hich can be greatly enhanced - far niord "^ 
greatly with the addition of zinc ion to a culture medium therefor . ^ 
The invention further provides a process for producing 
D-aminoacylase using Jihe transformed microorganism. 

The transformed microorganism of the invention is a 
microorganism having acquired high-expression ability to 
produce D-aminoacylase in a zinc ion- containing culture mediun>r^ 
This transformed organism may be prepared by inserting a 
D-aminoacyl ase-producing gene into a zinc tolerant host 
n\\croorg an isrn - with zinc tela ranee a D aminoaoylaoc producing 
S^er^e wherei n the expression of a gene product of wh - i r ch cf the : 
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inserted gene is enhanced in the presence of zinc ion. The 
transformed microorganism is a microorganism transformed with 
a D-aminoacylase-producing gene, and due to the addition of 
zinc ion to the culture medium, the D-aminoacylase-producing 
potency thereof can be enhanced to maximum. 

In the transformed microorganism of the invention, the 
D-aminoacylase-producing gene more preferably has a nucleotide 
sequence of SEQ ID NO: 1 - in thc - ocqucncc liat - i - ag or a nucleotide " 
sequence hybridizing to the nucleotide sequence of SEQ ID NO: 
1 the Qcqucnoo — lioting under stringent conditions and 

effectively encoding D-aminoacylase. It has been confirmed 
vjha^. a D-aminoacylase-producing gene having a nucleotide;/ ' 
^-••ivVW of SEQ ID NO: 1 in the sequence lioting is a gene thfi^'f" — 
>:i •revyiori of a gene product of which can greatly be snhanced^ - 

:;h- presence of zinc ion. Further, a gene of -± nucleotide^ ■* ' 
j&fcc^Lfer^e hybridizing to the nucleotide sequence of SEQ id NO ?"l ,~ : 
1 Afff,^. hc a cquon c a — listi - iag under stringent conditions and, 

festively encoding D-aminoacylase can be expected to have 1 ' 
^TPll.ar characteristics- • " — . 

More preferably, in the transformed microorganism of 
, -tfte iyrention, the —a host microorganism is Esch erichia c oll, , '"• 
J: ; ; : fv.'7 been confirmed that gscherichia coli has *ixnc tolerance. :; . ' V) ''• 
Further, the mycological and physiological properties , culture 1 ' 

45 prions and maintenance conditions of Escherichia coli are*' v ' ■ i: 
W€:17. teown. Thus, the production of D-aminoacylase at high • ■ 
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efficiency can be done under readily controllable conditions* 
Still more preferably, in the transformed microorganism 
of the invention, a D-aminoacylase -producing gene which is to 
be inserted into a host microorganism is subjected to at least 
one of the following modifications (1) and/or (2) . (1) A 
Mmodif ication for improving the translation efficiency, 
comprising designing a specific nucleotide sequence (GAAGGA) 
(SBQ ID NO: 3) in the ribosome- binding site and inserting the 
nucleotide sequence in the position of the ninth base upstream 
of the translation initiation point of the gene. This 
modification improves the translation efficiency of the 
rj--^m::.roRcyla»e-producing gene. (2) A Mmodif ication for - 

Jr^S v-.-lrr.ig- the gene expression efficiency, comprising creating-*-^" 

... , ... -t. .".'isJb. 

XI recognition site of Escherichia cell in the un^tre'ari 

. not: re-am of the gene, subsequently purifying and exaiciincp:*^ 



v^fjulcing gene^ and ligating the gene into an esqjraflBioft^. 
$ratffc?«-. This modification improves the expression efficiency-^ 
0$ the D-aminoacylase-producing gene, 

A zinc-tnlerant microorganism is used as a host 
toioroorganism i\or obtaining a transformed microorganism xn 
^cccor<ikxnve with the invention. More spedif icaliy, a. ' 
r^croorganism'sheiild *e used, the growth potency of wbictt £ri ■■ 
culture medi*, as measured on the basis of increase or decrease 
Or! £3ae cell weight (A660 nm) , is not go much significantly 
inhibited by the addition of zinc ion. Ge ne of the s t andards 
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to evaluate! sine tole - ranco ig as follows. - Zinc tolerance may 
be evaluated by comparing the cell weight of microorganisms 
grown in a zinc -free culture medium with the cell weight of 
the same microorganism grown in a medium containing zinc > On 
the basis of the cell weight (A660 nm) of the microorganism 
in a zinc-f ree culture medium, the cell weight in the same culture 
medium under the same conditions except for the addition of 
2 mM sine either increases, or decreases within a range of 10 I. 
Otherwise, the above-mentioned cell weight in the same culture 
medium under the same conditions except for the addition of 
S niM-srinc increases / or decreases within a range of 20 I*. ' 

Although the taxonomical group of the host microorganism 
la ?.?.pfc. limited, it is generally, preferable to use such hesfc * / 
irii \*:rc/03c;p-anisms that have well known 4=fee morphological s.nd; 
prr^I^'o^^al properties t3r rc well known and a nd for wh ich the "II;* 
culture- csonditipns $md maintenance conditions are also well 
known. ■ A preferable example of such a host microorganism is 
Escher ichia coli . Compared with Escherichia coli/ 

•microorganisms of the species Al c a 1 i gene s xy 1 os ox i dans 
including A- S strain do not have zinc tolerance. 

The means for inserting a D-aminoacylase-produci:ng 
a??:ie into a host microorganism is not specifically limited. 
Fez- example, a P -aminoacylase-producing_gene may be inserted 
i,nt2o either a pl^smid or a bacteriophage by ligation to plaamid 
or ba cteriop h age DNA an inoortion method comprising plasmi -d 
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ligation, as insertion — rn^hod — comprising ligation fc<=> 

bacteriophage DNA, and the lileo may be' - arbitrarily delected 

«^>-r J. l_ CXiC ■ 

The D -aminoacyl a se- producing gene in accordance with 
the invention is a gene selectively producing D- aminoacyl a se 
alone between as opposed to producing both D-aminoacylase and 
L-arninoacylaser^ ead This gene is of a type in which the 
activity expressicn is enhanced in the presence of zinc ion 
in the culture medium. As a preferable example of such 
D-amii^oacylase-producing gene, the gene with the nucleotide 
^quer.'^:c:pf SEQ ID NO: 1 4 m the sequence listing has been confirmed ' 
;>u: : . -L-?:^. , genes of nucleotide sequences hybridizing to th6 • ' r ' : ' 
Tv's -cl .s sequence of SEQ ID NO: 1 * i* - tho sequence list - k ^ ; ' c ^ 

■ .UtoF viringent conditions and effectively Wicoding 7 '^ 
w ■ w ;;lase are also preferable, except for genes which do • 
not: %-vl^f:3 : y enhance the activity expression with zinc 'ion in 
■L.*h,% culture medium. " -'>-• 

The D-arninoacylase-producing gene ^yith the nucleotide 
&*qw;;uC<?. of SEQ ID NO: 1 was obtained . from the Alcalig enes • 
yylo^cl^aris subsp, xylosoxidans A~6 strain. The A-S straiii- 

a-- D- aminoacylase-producing strain obtained from soil in - 
^x.;u:co via screening. * ^ 

The process for producing D-aminoacylase in accordance 
.trie invention comprises culturing any transformed - 
^.vr^fovi^nism as described above in a culture medium containing - ::> - 
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zinc ion, and obtaining D-aminoacylase from the culture. Zinc 
ion can be provided by adding an appropriate amount of a zinc 
compounds^ such as zinc chloride and zinc sulfate^ to the culture 
medium. This process enables to produce the production of 
D-aminoacylase at a high efficiency. 



with the invention, the concentration of zinc ion contained 
in the culture medium is preferably controlled to be in the 
range of 0.1 to 10 mM . This process enables to optimize the 
zinc ion concentration in the culture medium, and to produce 
D-arcirioacylase at a particularly high efficiency. 

Zn the process for producing D-aminoacylase,- other 
i:,r^c^<iaxee and conditions for carrying out the process are nolry- 
sxp':'y:i * ;.cally limited. Nevertheless, the culture is preX:erably^^ r^ 
ce/'S*; :•,,<. ov ; f- in \ /rutritious culture medium containing. tac&:> : 
^ici^:S^±T^^±yx^G±Ti^ substances (for example, isopiropyi v - 
thiogalactoside (IPTQ) j lactose and the like) as inducers. . .» 
Furt&ft£ # - the concentration of lactose then is preferably , 
adjutsfc^d to about 0.1 to 1 %, . .: 

B^^^^'e ^grJ - i& feareft- of ^h^ Orawings 




In the process for producing D-aminoacylase in accordance 





- ioto : 




wi th - ^he— ^— ara^H 




44« 
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Best Mode for Carrying out the Invention 

The best mode Boot modco for carrying out the invention 
igdescribedbelov together in conjunction with a comparafciva 
example. The invention is nevc a? not limited to the best mode 
feke ee modco for carrying out the invention. 

- (Qbtainmont of gene and determination of nucleotide ocquonce - ) - 
Obtaining the D-aminoa cylase gene and determining its 
nucleotide sequence . 

The chromosomal DNA obtained, from Alcaligenes xylosoxidans 
subs p.. .yylosoxidans A-6 strain was partially digested with 
restriction endonuclease Sau2AI, to obtain by fractionation - 
DHA fr-v-aoient-s of 2 to .9 Kb. Xhe resulting DNA fragments were^' : 
• ipraeixr-i-fi in and ligated vctv i nto the BamHI recognition site o£r ,: " .* 
a.1qowr-.j' amid.-, pCJCXI S . •Bach^ richiacoli JM109 was transformed^; 
with.t.ba J : iga1;ed plasmid[ # l to obtain an ampicillin-resistari^ : ; 
transfiqrqvant strain. Among the thus obtained transformant 
strains, a strain with [a potency of] the ability to selectively 
produci-^ produce D-aminoacylase alone was obtained. The 
transformant strain with feW^>e^e^e^F QtainGd the this ability 
contained a plasmid with a 5, 8 -Kb insert fragment. 

5—0 -Kb insert fragment in the plaemid was trimmed 
down to deduce the position of the D-aminoacylase -producing 
gene. Recording to general methods, then, the nucleotide 
sequence as shown in SEQ ID NO.-l in f.hQ.ooqucncG Hating was 
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determined for the DNA of about 2.0 Kb. An amino acid sequence 
corresponding to the nucleotide sequence is also shown in the 
sequence listing. Consequently, an open reading frame (ORF) 
/consisting of 1452 nucleotides starting from ATG was confirmed. 
4 Gene modification) 

Modification of the D-aminoacylase gene 

From the plasmid with the 5.8-Kb insert fragment was 
excised a 4-Kb DNA fragment via BamHX-Hindlll digestion, which 
was then ligated into a known plasmid pUCllS to construct a 
lighted, plasmid pANDus . Using the resulting plasmid, 
&ic?-££~acted mutagenesis using primers was effected, to . 
t-r;v:-vh^'^repare a ribosoms -binding site (RBS) -modif ied plasmid : - ' c: 

V^ing the plasmid pAN3Dl 'as template, site-direct ad F 
Ttj^.: •;. .\D3ia using primers vas effected, thereby to prepare a 1 " 
, pl.gtg'r'vt- "PANSDIHE having an FicpRI recognition site and a Hindi 1 1 A W 
r^^gnition site immediately upstream the -RBS and immediately 
dowhr-v ts*e am t,he ORF, respectively . ■'. 

Then, the plasmid pANSDlHB w as digested with restriction 
eJiib'/j'Tleases BcoRX an d Hindi 1 1 to prepare a 1,8 -Kb DNA'-—" 
£ r*,cjK*e.nc , which was inserted .in and 1 igated at the EcoRI-Hindlll ■• * 
-in the plasmid pKK223 - 3 shown in Pig. 1 to obtain the J -' 
p?itri3nid pKNSD2 shown in Fig, 2. V„ 
T-^ v :;^vt3rmed Ea ohcr i ohia - H S^^ 
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Transfor mation of Escherichia coli with the D-aminoacylase gene 
The plasmid DNA was inserted into a host strain derived 
from the Escherichia coli K-12 strain by the D. HANAHAN's method 
(DNA Cloning, Vol.1, 109-136, 1985), thereby to obtain a 
transformed Escherichia coli ( E. coli) TGl/pKNSD2. 
-(-Zinc tolerance of bacterial otrain ao gene source) 
zinc -tolerance of the bacterial strain from which 
D-aminoacylase gene was obtained 

The Alcaligenes xylosoxidans subsp. xylosoxidans A- 6 
strain was cultured at 30°C for 24 hours in a culture medium 
(pH 7.2, zinc-free) containing 0.2 % potassium dihydrogen 
vho&0b&m; 0.2 %dipot ass i urn hydrogen phosphate, 2 % polypeptone, ^ 
0 . ri ^/xgnesium sulfate and 1 % glycerin, and in culture media — 
vr lr.:x* dame composition but with addition of zinc oxide to - 
.^ y \c**:-t -rations 0.2 mM, 2.0 mM and 5.0 mM, respectively. After '*\#* 
cu?V-*wAtog,. the cell weight (A660 nm) was measured to evaluate ^ : 
they f:i-ic- tolerance. Then, the pH of the culture media after 
cuiti*t'-Int7 was measured. The results are shown in the column 
of h >\-C bacteria" in Table 1., ... 



Microti; attain 


Zinc 
concentration 
(mM) 


l 

Post-culture pH 


Cell weight 
(A660) 


Relative value j 
(%) 




0,0 


7.58 


8.09 


100.0 


A-6 bacteria 


0.2 


7.62 


7.75 


95.8 


2.0 


7.56 


5.23 


64.6 




5.0 


7.68 


3.34 


41.3 


r tgi | 


0.0 


5.01 


5.68 


100.0 


j {host bacterium) | 


0.2 


4.99 


5.93 


104.4 
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2.0 


4.98 


5.55 


97.7 


5.0 


5.01 


4.98 


87.7 


pKNSD2/T61 
(recombinant 
bacterium) 


0.0 


5.00 


6.45 


100.0 


0.2 


5.01 


6.70 


103.9 


2.0 


4.98 


6.09 


94.4 


5.0 


5.01 


5.47 


84.8 



Table 1 shows that the cell weight of the A-6 strain in 
bhe zinc-added culture media was greatly decreased {decreased 
by. about 35 % in the 2.0 mM zinc-added culture medium and by 
about 60 % in the 5 . 0 mM zinc-added culture medium) , compared 
with the cell weight of the A- 6 strain in the zinc -free culture 
medium. This indicates that the A- 6 strain was not 
ii.ir;c-tolerant . 

4fifeg~i K)lQranoo of host bacterium) 
Zinc t olerance of host bacterium 

The zinc tolerance of the strain derived from the 
J&utei&dhia ooli K-12 strain used as the host bacterium was 
exam±:Vfc*d, using a culture medium of the same composition as 
fo:r the A-6 strain, by measuring the cell weight (A660 nm) in 
the same manner. The results are shown in the column of "TGI 
(host bacterium) " , 

' Table 1 shows that th ^ cell weight of the host bacterium 
in th\3 is inc -kidded culture media was not so greatly decreased 
(aecm^Qd by about 3 % in the 2 .0 mM zinc-added culture medium " 
and by ccbout 12 % in the 5 . 0 mM zinc -added culture medium, and 
evtoiacreased in the 0 . 2 mM zinc - added cul ture medium) , compared 
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with the cell weight of the hoEft bacterium in the zinc-free 
cult-are medium. This indicates that the host bacterium was 
zinc- tolerant ♦ 

(Zinc tolerance of trano formed Eachcriohia. co3 r^ - 
Zinc tolerance of transformed Escherichia coli 

The zinc tolerance of the transformed Escherichia, coll 
(E.coli) TGl/pIQTSD2 was examined using a culture medium of 
the same composition as for the A-6 strain by measuring the 
cell weight (A660 nm) in the same manner . The results are shown 
in the column of "pKWSD2/TGl (recombinant bacterium}". 

?;able 1 shows that the cell weight of the transformed 
b«.ictfs\viu?a in the zinc-added culture media, was not so greatly <-V-V 
cite rsroa^ed (decreasedby .about 5 % in the 2,0mM zinc-added culture >c^: 
Tr.fcfi:iy.T»r*nd by abcut 15 % in the S.OmM zihe-added culture medium/ - 
. atti fi;vL-,n increased in the 0 .2 mM zinc-added culture medium) , - 
corap^^cl with the cell weight of the transformed bacterium in . . " 
tha ^inc-free culture medium. This indicates that the : 
fc^emsf ^rmed. Escherichi a coli was zinc - tolerant . ^ - * 

•rffsct: of zinc addition on transformed Escherichia coli ) 

vihe transformed Escherichia coli (E . coli) TGl/pKNSD2 
v.«:v^" 3>.3?iri- cultured in a culture medium (pH 7.0) containing 1 h- 
i:u..c -otrlryptone, 0.5% bacto-yeast extract , 0 . S & sodium chloride- 
and 1.0 P. ug/ml ampicillin, at 30°C for 16 hours . 

Subsequently, the post-precult ure transformed 
Escherichia coli was cultured at 30°C for 24 hours in a culture . 
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medium (pH7.0, zinc-free) containing 0 . 2 % potassium dihydrogen 
phosphate, 0.2 % dipotassium hydrogen phosphate, 2 % polypeptone , 
0.01 % magnesium sulfate, 1 % glycerin and 0.1 % lactose as 
an inducer, and culture media of the same composition but with 
addition of zinc oxide to concentrations 0.2 mM and 2.0 raw. 
Additionally, the broth-out pH of the culture broth as well 
as the enzyme activity (U/mL) of D-aminoacylase in the culture 
broth (A660 nm) was measured. 

Consequently, the enzyme activity in the 0 . 2 mM zinc-added 
culture medium was 58.85 U/mL (broth-out pH of 5.03) and the 
enzyme activity in the 2 . 0 mM zinc-added .culture medium was 
.1.0.9 U/mL (broth-out pH of 5 . 11) , compared with the enzyme 

ry of 21 . 78 U/mLin the zinc-free culture medium (broth-- outs* 

P*5' o-.: 3.05) - Thus, it has been confirmed that the additioiiv 

i 

oZ ■ \c ±-->n, at least within a predetermined concentration range ;|f; ; *' * 
gr#&t:!r/ improves the D-aminoacylase-producing potency. 

For comparison, additionally, the A- 6 strain was 
^re-&uifci:iredin the culture medium for preculture (no ampicillin. 

however added) under the same conditions, and was then ? 
cult^rad in the culture medium of the same composition for 
culture*, except for the change of the inducer from D,% * of . 
laet'oae .;o 0 , i % of N-acetyl-D, L-leucine. Then, f. he broth- out 
pK of the culture broth as well as the enzyme activity 4 U/mL) 
of D«aminoacylase in the culture broth (A660 nm) was assayed- 
Consequently, the enzyme activity in the 0 - 2 mM zinc -added 
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culture medium was 0*12 U/mL (broth-out pH of 7.4 8) and the 
enzyme activity in the 2.0 mM zinc-added culture medium was 
0.29 U/mL (broth-out pH of 7.43) , compared with the enzyme 
activity of 0 ♦ 29 U/mL in the zinc- free culture medium (broth-out 
pH of 7.47), Thus, no effect of zinc ion addition on the 
improvement of the D-aminoacylase -producing potency could be 
confirmed. 

Industrial Applicability 

As described above, D-aminoacylase, as an industrially 
useful enzyme, can be produced highly efficiently and 
selectively by using the transformed microorganism of the 

:.riye:".f;;.c-a . ♦ 
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